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The chemoattraction of comedonal material for leu-
kocytes was evaluated. Material from open comedones 
attracted mononculear leukocytes but did not attract 
polymorphonuclear leukocytes. At higher concentra-
tions, comedonal material was cytotoxic for leukocytes 
of both types. Of the comedonal components tested, free 
fatty acids produced the greatest cytotoxicity. The at-
traction and killing of leukocytes by comedonal compo-
nents may be the mechanisms for the initiation or the 
enhancement (or both) of inflammation in acne vulgaris. 
The comedo is generally accepted as the primary lesion in 
acne vulgaris, but it is not until t his lesion evolves into an 
inflammatory papule, pustule, or cyst that s ignificant d amage 
to tissue occurs. The events leading from the noninflammatory 
comedo to the inflammatory acne lesion remain to be defined. 
Morphologic studies of the comedo have demonstrated gaps 
in the follicular wall which allow contact between the comedo 
and the dermis [1]. The gaps may be seen in a reas devoid of 
inflammatory cells, thus suggesting that inflammation is a 
secondary event and does not produce the gap. When inflam-
mation is present, however, leukocytes gather at the site of the 
gap. This localization raises the possibility that a substance in 
comedonal material diffuses into the d ermis through the com-
municating gap in the follicular wall and attracts leukocytes, 
thus precipitating an inflammatory response. Other inflamma-
tory events may have synergistic actions in e nhancing the influx 
of leukocytes. In this study, we assayed the attractant property 
of comedonal material for leukocytes and the capability of 
components within this material to kill leukocytes. 
MATERIALS AND METHODS 
Collection and Processing of Comedon.al Material 
Comedonal material was collec ted from patients with acne vulgaris 
seen in the Department of Dermatology at the Mayo Clinic. Severity 
of acne was graded from 1 to 4 [2]. Systemic or topical antibiotics were 
not used for the month preceding the collection. After the skin was 
cleaned with isopropyl a lcohol, the contents of open, noninflamed 
comedones were expressed with a comedo extractor. The contents were 
weighed and used immediately or stored at 4°C, usually for no longer 
than 24 hr. 
Solubilization was performed by initial homogenization in a Potter-
Elvehjem ground glass homogenizer, followed by sonication in an ice 
bath for 2 min. The pH was adjusted to 7.2 just before assay. Material 
from epidermal cysts, lipid fractions of comedonal material, and purified 
free fatty acids were solubilized in a similar manner. 
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Culture and Processing of Microorganisms 
Aliquots of comedonal materia l were taken for aerobic and anaerobic 
quantitative cultures on both tryptic soy agar with 5% sheep red blood 
cells and Brucella agar with hemin, vitamin K, and 5% sheep red blood 
cells. Each type of organism culture was identified, and subc-..iltures of 
Propionibacterium acnes were then made from these plates. Organisms 
used in cytotoxicity testing were collected in log phase and tested 
immediately or after storage at 27°C for 2 weeks. 
Preparation of Lipid Fractions 
Comedonal components were separated for cytotoxicity testing after 
extraction of lipids in 50 vol of 2: 1 chloroform-methanol [3]. The 
nonlipid fraction was obtained by centrifugation of the supernatant 
after chloroform-methanol extraction. Lipids were fractionated on silica 
gel G thin-layer chromatography plates developed in Skelly F:diethyl 
ether:glacial acetic acid (90:10:1) . Free fatty acids were analyzed as 
their methyl esters by gas liquid chromatography using a Packard 427 
gas chromatograph programmed from 200°C to 240°C with 10% All tech 
CS5 (Alltech Associates, Arlington Heights, IL) on 100 to 120 mesh 
Chromsorb W on a column 8 ft by 1/8 inch. 
Highly purified fatty acids were obtained from the Lipids Preparation 
Laboratory of the Hormel Institute, University of Minnesota, and kept 
under nitrogen until used in cytotoxicity assays. 
Preparation of Cell Suspensions 
21 
Polymorphonuclear leukocytes were separated from heparinized pe-
ripheral venous blood from laboratory volunteers and blood bank 
donors. Dextran (6%) in saline was added ('h vol) to hepru·inized blood 
or to the cells contained in the Ficoll -Hypaque fraction after density 
gradient separation (see below). After mixing, the cells were a llowed to 
sediment by gravity for 45 min. The leukocyte-rich supernatant was 
aspirated; the cells were washed 3 times, checked for viability by trypan 
blue dye exclusion, and adjusted to 2 x 10'; cells/ ml for use in chemo-
taxis assays. Mononuclear cells and occasionally polymorphonuclear 
cells were obtained by Ficoli-Hypaque density gradient sepru·ation 
using standru·d procedures [ 4]. Monocytes were quanti tated after non-
specific cholinesterase staining [5], and the concentration of cells was 
adjusted to I X lOu monocytes/ ml for chemotaxis assays. 
Chemotaxis Assays 
Chemotaxis assays were performed as previously described [6], using 
a modified Boyden technique with blind well chambers (Neuroprobe, 
Bethesda, MD) . The upper and lower chambers were separated by 3-
~-tm Millipore ftlters (Millipore Filter Corp., Bedford , MA) for polymor-
phonuclear leukocytes and by 8-~-tm Sru·torius filters (Science Essentials 
Operations, Anaheim, CA) for mononuclear leukocytes. Chambers were 
incubated in humidified room air for 50 min (polymorphonuclear leu-
kocytes) or for 100 min (mononuclear leukocytes). Triplicate chambers 
were used for each material tested. Filters were fixed with alcohol, 
stained with hematoxylin and eosin, cleared with xylene, and mounted 
on glass slides wi th Permount. 
The leading front method, described by Zigmond and Hirsch [7], was 
used for evaluating the migration. Five readings at uniform sites on 
each filter were r.ecorded without prior knowledge of the material being 
evaluated. The 5 readings for each filter were averaged, and the average 
of readings from the triplicate filters was recorded. The average of the 
coefficients of variation for the triplicate filters was 11%. 
Results of chemotaxis assays were expressed as a posit ive or a 
negative percentage of cell migration relative to the background control 
of T C 199 alone, according to the following formula : 
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Chemotaxis (%) = 
migration with chemoattactant - migration with TC 199 
migration with TC 199 
X 100. 
Migration in TC 199 without added chemotactic agents represented 
random migration. Casein served as a positive control chemotactic 
agent in concentrations of 5 and 1 mg/ml, for polymorphonuclear 
leukocytes a nd mononuclear leukocytes, respectively [8]. 
Cytotoxicity Assays 
Cytotoxicity assays consisted of quantitative cell counts and esti-
mation of viable cells by exclusion of 1% trypan blue dye, both before 
and afte r the incubation of the various mate rials at 37°C for 2 hr [9]. 
T est volumes ranged from 250 to 500 ~-''· with ce ll concentrations of 2 
x 10'' ce lls per milliliter. 
Cells suspended in TC 199 and incubated for 2 hr at 37°C were 
included in each assay as a control. Osmolality was tested using an 
Osmet A Automatic Osmolality Analyzer (Precis ion Systems, Sudbury, 
MA). 
RESULTS 
The types and numbers of organisms cultured from come-
donal material were in general agreement with those of previous 
reports [10,11] and showed both Staphylococcus aureus and 
Propionibacterium acnes averaging approximately 3.0 X 10'' 
organisms per milligram of comedonal material. Sonication in 
addition to homogenization of comedonal material did not affect 
the viability of the organisms. 
Comedonal material contained one or more factors that sig-
nificantly attracted mononuclear leukocytes, producing an av-
erage migration that was 36% greater than the controls (Fig 1). 
In contrast, polymorphonuclear leukocytes were not signifi-
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FIG 1. Migration of polymorphonuclear leukocytes and mononu-
clear leukocytes toward 1 mg comedonal material/ml in TC 199. ® 
indicates suspensions of polymorphonuclear leukocytes isolated by 
Ficoii-Hypaque separation, followed by dextran sedimentation, and 0 
indica tes polymorphonuclear leukocytes obtained by dextran sedimen-
tation alone. Each point represents a separate experiment using co-
medonal material from different patients tested against leukocytes from 
a separate donor. Line at 0% represents migration in TC 199 (control). 
Clear area represents enhanced migration, and shaded area represents 
decreased migration compared with control. 
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suspensions of polymorphonuclear leukocytes isolated by the 
Ficoli-Hypaque technique combined with dextran sedimenta-
tion or by dextran sedimentation alone. By comparison, casein 
produced an average migration that was approximately 150% of 
background controls for both polymorphonuclear leukocytes 
and mononuclear leukocytes. No correlation was found between 
the severity of acne and the amount of chemotaxis produced by 
comedonal material. 
Figure 2 shows data from an experiment designed to define 
the increased mig1·ation of mononuclear leukocytes toward co-
medonal material as either directed migration (chemotaxis) or 
increased random migration (chemokinesis). At a concentration 
of 0.5 mg/ ml, comedonal material caused increased migration 
of mononuclear leukocytes whether comedonal material was in 
the cellular chamber or in the chemoattractant chamber. Mi-
gration was further stimulated at a comedonal material concen-
tration of 1.0 mg/ml when used in the chemoattractant cham-
ber. At higher concentrations, an inhibition of chemotaxis was 
clearly demonstrated regardless of the chamber in which co-
medonal material was placed. This inhibitory effect of come-
donal material at higher concentrations was not specific for cell 
migration but rather was due to a toxic effect causing cell death 
as shown in cytotoxicity testing. The cytotoxic effect of come-
donal material with increasing concentrations made categori-
zation of the increased migration difticult. Therefore, the term 
"chemoattraction" is used for the increased migration pending 
isolation of the responsible agent(s) and testing apart from the 
cytotoxic agent(s). This term is used because it is clear that 
mononuclear leukocytes are attracted by comedonal material 
whether the mechanism is directed migration or increased 
random migration. 
Comedonal material was cytotoxic for both polymorphonu-
clear leukocytes and mononuclear leukocytes at relatively low 
concentrations (Fig 3 and 4). Leukocyte toxicity of comedonal 
material was found against cells from a variety of blood donors. 
Likewise, s ince comedonal material for these experiments was 
obtained from separate persons, the cytotoxic property appears 
to be a general characteristic of comedonal material. The vari-
ability of cytotoxicity results from test to test indicates that 
some comedonal material is more cytotoxic than others or that 
some cells are more susceptible to the cytotoxic effects (or that 
both are true). At concentrations higher than 3 mg/ml, virtually 
complete cytotoxicity was observed . 
Centrifugation of comedonal material at 20,000 xg for 30 min 
at 4 oc gave a supernatant that was toxic for mononuclear 
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F IG 2. Directed migration (chemotaxis) versus random migration 
(chemokinesis). Effect of concentration gradients of comedonal mate-
rial on the distance of migration of mononuclear leukocytes into ftlter. 
Diagonal line indicates no gradient. Migration is greatest at low 
concentrations, with a gradient from the chemoattractant chamber 
(below diagonal) . A marked decrease in migration is seen at higher 
concentrations, both a.boue and below diagonal. Throughout this ex-
periment, comedonal material from a single donor was tested with 
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FIG 3. Cytotoxic effect of comedonal materia l on polymorphonu-
clear leukocytes. Each line represents a sepru·ate experiment with 
comedona l material and polymorphonuclear leukocytes from different 
subj ects. Polymorphonuclear leukocytes incubated in TC 199 showed 
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FIG 4. Cytotoxic effect of comedonal material on mononuclear leu-
kocytes. Each line represents a sepru·ate experiment with comedonal 
material and mononucleru· leukocytes from different subjects. Mono-
nuclear leukocytes incubated in TC 199 showed > 96% survival (control). 
with the whole comedonal material, thus implicating a partially 
soluble agent as the cytotoxic factor. In contrast to comedonal 
material, comparable concentrations of epidermal cyst material 
did not affect cell viability. Likewise, suspensions containing 1 
x 109 P. acnes organisms per milliliter did not affect cell 
viability. 
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Separation of 300 mg of comedonal material into lipid and 
nonlipid fractions by chloroform-methanol extraction yielded 
138.6 mg of lipid and 95 mg of nonlipid material; free fatty acids 
constituted 38.2% of the lipid fraction by weight. Triglycerides 
were present in small amounts (Fig 5). Analysis of composition 
of free fatty acids showed that 81% of the acids were saturated 
and UnSaturated acidS Of C14 tO elK length, including Odd-num-
ber chain lengths. cl6 acids made up more than 50% of t he free 
fatty acids, with cl ~ acids accounting for 12.5% and cl4o 7.8%. 
These findings are in agreement with a previous study [12]. 
Cytotoxicity testing of whole comedonal material, as well as 
lipid and nonlipid fractions, showed that. cytotoxicity is a prop-
erty of the lipid fraction. Cytotoxicity was not seen with the 
nonlipid fraction but was seen to varying degrees with various 
lipid fractions of comedonal material (Fig 6). Cytotoxicity with 
whole comedonal material from a pooled group of comedones 
in this experiment was comparable to that found in comedonal 
material from individual donors (compare with Fig 4). Whole 
lipid was cytotoxic to 100% of mononuclear leukocytes, as was 
the free fatty acid fraction at the concentrations used in this 
experiment. R emoval of free fatty acids from comedonal lipid 
greatly reduced its cytotoxic effect at lower concentrations. On 
repeat testing with lipids from a totally separate pool of come-
donal material and cells from a different donor, the same 
relationships were seen. Free fatty acids were slightly more 
cytotoxic t han whole lipids at 0.25 mg/ ml, with survival of 19% 
of mononuclear cells in the whole lipid fraction but 0% survival 
in the free fatty acid fraction. 
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FI G 5. Photograph of thin-layer chromatogram showing lipid com-
ponents of comedonal material sepru·ated for cytotoxicity testing. Sol-
vent system chloroform-methanol-acetic acid (90:10:1) . Lane a, Stand-
ard; la ne b, free fatty acids fraction; lane c, lipid fraction minus free 
fatty ac ids; and lane d, lipid fraction. Two hundred micrograms of 
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· FIG 6. Cytotoxicity of comedonal material and various fractions ru·e 
contrasted. Lipid fractions are as seen in Fig 5. Comedonal material is 
from a pool of comedones and is tested with mononuclear leukocytes 
from a single donor. Cytotoxicity is noted only wi th lipid components. 
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Testing of purified free fatty acids confumed a marked cy-
totoxic property of these agents (Fig 7). In general, the more 
soluble fatty acids-that is, those with shorter chain length and 
greater unsaturation-showed the greatest killing of cells. When 
t hese acids and squalene were combined in proportions similar 
to those of comedonal material, 100% killing was noted at a 
concentration of 600 !J.g of fatty acids per milliliter. Separate 
assays of individual purified free fatty acids with mononuclear 
leukocytes and polymorphonuclear leukocytes from various 
donors confirmed the cytotoxic potential for both types of cells. 
COMMENT 
The attraction of mononuclear cells by comedonal homoge-
nate is not unexpected since previous reports have documented 
the production of a mononuclear cell chemotactic factor by P. 
acnes [13}. The lack of attraction of polymorphonuclear cells is 
puzzling because of previous reports of chemotactic properties 
of P. acnes, Staphylococcus albus, and purified comedonallipid 
for polymorphonuclear cells [14-16). The cytotoxic effect of 
comedonal homogenate on both groups of cells suggests that 
migration of both cell types may have been inhibited with only 
mononuclear attraction overcoming the inhibitory effect. The 
demonstration by Puhvel and Sakamoto [15] of neutrophil 
chemotactic activi ty by the lipid component of comedonal 
material suggests that fractionation of comedonal material may 
enha nce neutrophil chemotactic factors or decrease inhibitory 
factors for neu trophils seen in whole comedonal homogenate. 
The various agents tested for cytotoxicity showed a spectrum 
of activity. Epidermal cyst lipid resembles that of epidermis, 
while comedonal lipid has components of both epidermal lipids 
and sebum (17). Nevertheless, the lack of cytotoxicity with 
epidermal cyst material at concentrations up to 6 mg/rnl indi-
cates t hat the killing of leukocytes is not due to a general effect 
of epidermal lipids and protein. Similarly, the lack of measur-
able cell death during incubation with large numbers of P. 
acnes organisms indicates that cytotoxicity is not a direct effect 
of these organisms. Other effects of these organisms, however, 
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FIG 7. Cytotoxic effect of free fatty acids and squalene on mononu-
clear leukocytes from a single donor. Combination (X) is a mixture of 
free fatty acids and squalene combined in proportion as in comedonal 
materiaL 
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T esting of the various lipid components of comedonal mate· 
rial showed that free fatty acids give the greatest cytotoxicity 
at lowest concentrations, when whole lipid was divided into free 
fatty acid and whole lipid minus free fatty acid components. 
Residual acitivity in the latter component is not unexpected 
because squalene is retained in that fraction and squalene was 
shown in this study to be highly cytotoxic. Quantitative com· 
parison of the cytotoxic effects of lipid minus free fatty acid and 
1 
free fatty acid fractions is not possible because of the lack of 
data regarding lower limits of free fatty acid toxicity . 
The possibility must be considered that in vivo the milieu is 1 
sufficiently different from the tissue culture fluid used in this 
experiment so as to invalidate the comparison of toxicities of 
comedonal components on a concentration basis as we have 
done. N evertheless, our data show marked toxic effect of free 
fatty acids on leukocytes, and these data concur with previous\ 
reports of their toxicity for leukocytes and other cell types, 
including erythrocytes, tumor cells of various organs, and vas· • 
cular endothelial cells [15,18-21). 
A previous report has indicated virtual lack of clinical and I 
histologic evidence of infla mmation when solutions of 3 mg of 
free fatty acids per milliliter were injected intradermally [22]. 
However, the concentration of free fatty acids at t he site of 
injection into the dermis probably would decrease rapidly be-
cause of diffusion throughout the dermal space. Comedonal 
contents, by contrast, are isolated from the dermal space by 
epithelium. Therefore, the concentration of free fatty acids at 
breaks in the comedonal wall would be less subject to rapid 
dilution because of the large reservoir of free fatty acids within 
the comedonal compartment. 
The high concentration of free fatty acids in comedonal 
material found in this study is in agreement with a previous 
report [12]. We believe that their abundance in comedona)1 
material and their toxic properties implicate them as producers 
or enhancers (or both) of inflammation in acne vulgaris, as 
suggested by previous investigators (23-25). The mechanism 
of (1) chernoattraction of comedonal material for mononuclear 
cells a nd (2) cytotoxicity of comedonal material for leukocytes, 
may fun ction synergistically in producing infla mmatory lesion 
in acne vulgaris. 
The authors wish to acknowledge the skilled technical assistance of 
Joan King and Blenda McKinney. 
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Announcement 
The American Academy of Dermatology, American Dermatological Association, the AMA Section 
Council for Dermatology, and the Louisiana Dermatological Society are sponsoring a clinical dermatology 
program on Saturday afternoon and Sunday afternoon, April 19 and 20, 1980, in conjunction with the 
American College of P hysicians Annual Meeting in New Orleans April 21- 25, 1980. The format will 
consist of 12-minute free-standing paper presentations with 3 minutes for discussion. If you wish to 
participate, please submit abstract(s) of no more than 200 words, doublespaced and in triplicate by 
December 15, 1979 to Dr. George W. Hambrick, Jr. , Department of Dermatology, College of Medicine, 
231 Bethesda Avenue, Cincinnati, Ohio 45267. 
On Sunday morning, the Louisiana Dermatological Society will hold a clinical meeting in which patients 
are presented and discussed. 
